The real-world evidence on the profiles of patients suffering from atopic dermatitis (AD) in Japan is sparse. A retrospective claim database analysis was conducted to estimate the health-care resource use (HCRU) and current AD treatment. Data from October 2013 to September 2016 were extracted from the JMDC (Tokyo, Japan) claims database. HCRU was assessed by a comparison of AD patients and matched non-AD controls. A multivariate analysis was performed to estimate HCRU attributable to AD. AD patients (n = 39 893) have more claims of certain diagnoses such as rhinitis, viral and fungal infections, sleep disorders and conjunctivitis as well as higher HCRU (outpatient visits, prescriptions of AD-related and non-AD-related medications, phototherapy, laboratory tests) than matched non-AD controls (n = 39 893). Treatment pattern analysis included treatment-naive patients (n = 8478) and previously treated AD patients (n = 30 109). Approximately 20% of previously treated patients were on the continuous systemic treatment during 18-month follow up. Systemic corticosteroids were the most frequently used systemic treatments. Oral cyclosporin was less frequently used in both groups, but for the longest duration. Almost half of previously treated patients with oral cyclosporin continued treatment for more than 3 months. In conclusion, HCRU was higher in AD patients than non-AD controls, indicating a high burden of the disease imposed on AD patients. Continuous administration of systemic treatment, such as oral cyclosporin, systemic corticosteroids and phototherapy, observed in AD patients sheds light on the difficulties of managing AD in Japanese clinical practise.
INTRODUCTION
Atopic dermatitis (AD) is a pruritic, eczematous dermatitis with symptoms chronically fluctuating with remissions and relapses. 1 In 85% of AD patients, the first symptoms appear under the age of 5 years and precede the so-called "atopic march", which manifests itself as the development of other allergic diseases such as allergic rhinitis and asthma progressing with age. 2 AD is characterized by the occurrence of a wide spectrum of symptoms. The three main diagnostic criteria provided by the Japanese Dermatological Association (JDA) include pruritus, eczema of typical morphology and distribution, and the recurrent course of the disease. 1 However, notable differences have been reported depending on the age of onset and geographic region. 3 Red or brownish patches of dry, cracked or scaly and itchy skin are a common complaint across all patient groups. The prevalences of AD characteristics differ across regions and it is reported that patients from East Asia (including Japan) experience erythroderma and involvement of the skin on the trunk, scalp, ears and extensor area of joints more frequently than patients from other regions. 3 The point prevalence of adult AD is high and is estimated to range 2.1-4.9% across countries. 4 Barbarot et al. 4 applied strict inclusion criteria and as a result their survey conducted among patients aged 18-65 years old revealed the prevalence of treated AD to be 3.9% in the USA, 2.6% in Canada, 3.5% in the EU and 1.5% in Japan. It is worth noting that a considerable increase in the prevalence of AD among young adult patients was reported as well. In 20-29-year-old patients, the percentage of those affected by AD increased from 3.1% in 1967 to 38.7% in 1996. 5 The course of AD among adults is characterized by slower remissions and different disease phenotypes, especially when compared with early childhood onset of AD. 6 The JDA guidelines define the goal of AD treatment as the possibility to reach and maintain a state with no or mild symptoms, which does not disturb daily activities while the patient is not on active treatment. 1 Currently, a wide range of options are available for AD patients with treatment based on the three fundamental pillars of identification and avoidance of contact with exacerbating factors, correction of skin dysfunctions and pharmacotherapy. 7 The aim of skin care treatment, predominantly with emollients, is to restore the skin barrier function by increasing moisture retention, decreasing susceptibility to infections and lowering itch. Ointments with corticosteroids, calcineurin inhibitors and rarely non-steroidal anti-inflammatory drugs help to reduce inflammatory responses of the skin. Oral antihistamines are used to reduce itch and itch-related scratching which contribute to the aggravation of symptoms, infections and ocular complications. Cyclosporin is used to treat adult patients with severe AD who are resistant to other medications. Oral corticosteroids are used to induce remission and to alleviate symptoms in the most severe cases; however, their use is burdened with serious systemic adverse reactions. 1 Phototherapy is recommended in severe refractory disease in combination therapy. 1, 8 There is little evidence in the published work regarding patient profile, treatment patterns and the economic burden of AD on patients in Japan. Additionally, real-world evidence studies on a large number of patients suffering from AD in Japan are sparse. To address this absence, this observational retrospective longitudinal analysis was conducted to provide reliable insight on the burden of AD in the Japanese population. Here, we aimed to depict profiles of patients suffering from AD, to estimate health-care resource use (HCRU) attributable to AD in patients (objective A) and to describe available treatment options for AD in Japan (objective B).
METHODS
An observational retrospective longitudinal analysis was conducted.
Data source
The data for the analyses were taken from JMDC (Tokyo, Japan), which owns data on claims sourced from the health insurance system in Japan. The database contains both medical and pharmacy claims representing approximately 3 million people insured by several private health insurance plans in Japan through a panel of 1.2 million individuals to date and covers up to 9 years of historical data. In this study, data from October 2013 to September 2016 were extracted.
Study period
The first date with AD claim during the patient selection period was defined as index date. Patients were observed for 6 months before the index date in order to examine their medical history and main comorbidities. A period of 12 months after the index date was used to assess the annual HCRU attributable to AD ( Fig. 1) . A period of 18 months after the index date was used to determine treatment patterns in AD.
Population
Patients qualified for the analysis if they fulfilled the following criteria: 1. They had at least two medical claims (inpatient, outpatient or combination of both) carrying an International Classification of Diseases, 10th Revision (ICD-10) code for AD (atopic dermatitis [L20] and other specified disorders of the skin and subcutaneous tissue [L988]) within the selection period (12 months between 1 April 2014 and 31 March 2015 with an index date defined as the first of the two claims) ( Fig. 1 ). 2. They were continuously registered in the JMDC database for at least 6 months before the index date (exclusive of the index date) and 12 months after the index date (including index date) ( Fig. 1 ). 3. They were between 15 and 60 years of age at the index date.
To avoid inclusion of patients who were treated with systemic medications for other comorbid autoimmune diseases than AD, several exclusion criteria were applied. Patients were excluded if they had two or more medical claims related to other autoimmune diseases treated with systemic therapy at any time during the study period, including inflammatory bowel disease (along with ulcerative colitis and Crohn's disease [K50-K52]), lupus erythematosus (L93, M32), rheumatoid arthritis (M06, M05, M08.0), psoriatic arthritis (M07.0, M07.1, M07.2, M07.3, L40.5, M09.0), psoriasis (L40), ankylosing spondylitis and non-infectious uveitis (M45, M08.1, H20). Patients who had undergone organ transplantation (Z94, Y83.0, T86) were also excluded.
To determine treatment patterns in AD patients, a subpopulation with continuous enrollment in the JMDC database for at least 18 months after the index date (inclusive of the index date) was identified.
Subcohorts
For the determination of treatment patterns for AD, patients were divided into two subcohorts based on the pre-index treatment history: 1. Treatment-naive patients, defined as patients without any prescription treatments related to AD therapy during the pre-index period. 2. Previously treated patients, defined as patients with at least one prescription related to AD therapy during the pre-index period.
Prescriptions for AD-related therapy included emollients, topical corticosteroids (TCS), topical calcineurin inhibitors (TCI), oral cyclosporin A, systemic corticosteroids (SCS) and phototherapy identified using Anatomical Therapeutic Chemical codes and general names.
Matching analysis
To estimate the HCRU attributable to AD, an exact matching was performed. This method enabled the study of HCRU in AD patients and non-AD controls, which became comparable otherwise based on paired key variables.
Individuals were included in the control group if they fulfilled the following criteria: 1. They had no claims carrying an ICD-10 code for AD (L20, L988) within the selection period (12 months between 1 April 2014 and 31 March 2015 with an index date defined as the first of the two claims). 2. They were continuously registered in the JMDC database for at least 6 months before the index date (excluding the index date) and 12 months after the index date (including the index date). 3. They were between 15 and 60 years of age at the index date.
Exclusion criteria were the same as those applied for AD patients.
Atopic dermatitis patients and non-AD controls were matched 1:1 for sex and age at the index date (AE5 years), the month of index date, the presence of asthma diagnosis-related claims and the Charlson Comorbidity Index (CCI) (AE2 scores) during the 6-month pre-index period. To calculate CCI, the presence of two or more medical claims with a claim diagnosis was required. 9 By employing CCI as one of the factors, it was possible to normalize the severity levels of the patients' comorbidities in both cohorts. If more than one matched control was available, only one patient was randomly selected. If no matched control was available, then the case was not included. CCI serves as a measure of the severity of illness and a determination of the presence of relevant comorbid illness. CCI considers the following 19 diagnoses: myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, diabetes mellitus, cerebrovascular disease, chronic pulmonary disease, connective tissue disease, ulcer, mild liver disease, hemiplegia, diabetes with end organ disease, moderate or severe renal disease, any tumor, leukemia and lymphoma. 9
Outcome measures

Characteristics of AD population
The following data on the characteristics of the AD population were extracted at the index date and analyzed: age, sex (male or female), insurance type (insured or dependent) and treatment setting (public hospital, university hospital, other hospital, clinic and unknown). Data on claims related to comorbidities were extracted in the 6-month pre-index period and included the following comorbidities: asthma, allergic rhinitis, food allergy, bacterial infection, viral infection, fungal infection, attention deficit hyperactivity disorder, anxiety, depression, sleep disorders, chronic pulmonary disease, conjunctivitis, chronic rhinosinusitis, nasal polyps, allergic urticarial, esophagitis, autoimmune disorders, obesity, myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, diabetes mellitus, cerebrovascular disease, chronic pulmonary disease, connective tissue disease, peptic disease, mild liver disease, hemiplegia, diabetes with end organ disease, moderate or severe renal disease, any tumor, leukemia and lymphoma. 10, 11 Health-care resource use All-cause HCRU, defined as HCRU which occurred for any reasons not necessarily for AD, included the following components: outpatient physician visits, hospitalizations (including any procedures), emergency room visits (including any procedures), outpatient phototherapy, outpatient prescriptions for AD-related and non-AD related medications, and outpatient laboratory tests. The average number of claims and percentages of patients with and without claims in each of the HCRU domains by AD diagnosis were calculated for the overall follow-up period of 1 year.
Treatment patterns
The first set of analyses evaluated treatment patterns using the following treatment categories: 1. Systemic treatment including oral cyclosporin A, SCS and phototherapy. 2. Topical treatment (high potency) including TCS (the strongest and very strong class defined according to the JDA 2016 guidelines). 1 Figure 1 . Study period. AD, atopic dermatitis.
3. Topical treatment (low-to-medium potency) including TCS (strong, medium and weak class defined according to the JDA 2016 guidelines). 1 4. Only skin care including emollients. 5. Not treated by studied treatments.
Several rules were used to study treatment patterns retrieved from the database as treatment lines defined in the study: (i) treatment lines were constructed at the treatment class level, namely without differentiating drugs within the same class level; (ii) a treatment sequence was defined as a group of consecutive prescriptions of the same treatment class or combination of treatment class, without discontinuation of more than 60 days between the theoretical end date of a prescription and the following prescription; (iii) 60 days were applied considering the average visiting frequency of patients to request a refill of medications; (iv) any combination of treatments from different treatment classes was classified into a higher grade (i.e. only skin care < topical treatment lowmedium < topical treatment high < systemic treatment); and (v) the index treatment line was defined as the first treatment line recorded during the 18-month follow-up period (Fig. 2) .
The following variables were calculated for treatment lines: (i) the number of treatment lines during the 18-month follow up; (ii) the distribution and duration of index treatment line; and (iii) the distribution of index treatment lines in patients being on the same treatment during the 18-month follow-up period.
The second set of analyses evaluated systemic treatments using the following treatment categories: oral cyclosporin, SCS and phototherapy. Each treatment line was analyzed separately through treatment line generation, and combinations of treatments were not considered. The total duration of treatment lines during the 18-month follow-up period and the duration of the first use after the index date were calculated.
Statistical analysis
Descriptive statistics were used to describe patient characteristics and their comorbidities in groups analyzed in the study (AD patients vs matched non-AD controls and naive patients vs previously treated patients). Categorical variables were compared with the v 2 -test or Fisher's exact test, while continuous variables were compared with Student's t-test or the Wilcoxon test. A multivariate analysis was performed to estimate HCRU attributable to AD. Multivariate regression methods were used with an adjustment on the potential confounding factors, including baseline characteristics such as sex, age, insurance type, the setting of claim, CCI and comorbidities in the 6month pre-index period, month of the index date and HCRU in the 6-month pre-index period. A P-value of 0.05 was considered statistically significant. Akaike Information Criterion was used to compare the fit of estimated models. 12 The model with the smaller statistic was preferred.
In the case of a large proportion of zeros in HCRU variables (i.e. a high number of patients without HCRU), two-part models were developed to estimate HCRU attributable to AD, unless a lack of convergence was identified in the logistic model. In the case of lack of convergence in the logistic model, only the second part was conducted on patients both with and without events. Analyses were performed using SAS version 9.3 software (SAS Institute, Cary, NC, USA). 
RESULTS
Patient profiles and HCRU in patients with AD (objective A)
To depict the profile and HCRU in Japanese AD patients, we first identified the patient cohorts of AD and their control ( Table 1, Fig. 3 ). The exact matching resulted in the inclusion of 39 893 patients with AD and 39 893 non-AD matched controls satisfying the inclusion and exclusion criteria. The mean age of AD patients was approximately 34 years old. Of the study group, 55% were male, CCI was 0.10 and more than 57% were self-insured. The age difference between two groups was significant despite matching nature, due to the small confidence interval with large numbers of patients with AE5 years allowance for matching strategy. Regarding comorbidities in AD patients and non-AD controls, rhinitis and conjunctivitis were the two most prevalent coexisting diseases in AD patients. The highest prevalence in AD patients, over 4%, was observed for rhinitis, viral infection, fungal infection, sleep disorder and conjunctivitis. There were significant differences in these comorbidities between AD patients and non-AD controls.
No remarkable differences (of <0.01%) were observed for dementia, renal disease, diabetes with or without complications, nasal polyps and metastatic solid tumors between AD patients and non-AD controls. The differential prevalence of asthma could not be estimated as it was a matching criterion (2.27% in both groups). The baseline demographic characteristics are shown in Table 1 and Figure 3 .
The descriptive analysis showed a higher frequency of the use of at least one HCRU claim in AD patients in comparison with non-AD controls for outpatient visits, prescriptions of AD-related and non-AD related medication, and phototherapy (P < 0.0001 for all; Table 2 ). Conversely to AD patients, the occurrence of at least one hospitalization was higher in non-AD controls (P < 0.0001). Differences were also observed regarding the average number of HCRU claims, which took place during the study period. The mean number of outpatient visits, laboratory tests, prescriptions of AD-related and non-AD related medication, and phototherapy were significantly higher in AD patients in comparison with controls (P < 0.0001), whereas the difference in hospitalization rates was insignificant (P = 0.24). No emergency visits were observed during the study period.
The multivariate analysis was conducted to avoid potential confounding factors (Table 3 ). The results consistently showed higher HCRU in AD patients compared with non-AD controls for the following components: outpatient visits (attributable HCRU to AD/year, 6.324), laboratory tests (attributable HCRU to AD/year, 1.669), the number of prescriptions for AD-related medication (attributable HCRU to AD/year, 5.198), the number of prescriptions for non-AD-related medication (attributable HCRU to AD/year, 5.823) and phototherapy (attributable HCRU to AD/year, 0.326). A slightly lower HCRU in AD patients in comparison with non-AD controls was revealed for hospitalizations (attributable HCRU to AD/year, À0.002). The results of multivariate analysis for HCRU are shown in Table 3 .
Treatment patterns of patients with AD (objective B)
The assessment of treatment patterns was conducted in two groups of patients: naive patients (n = 8478) and previously treated patients (n = 30 109; Table 1 ). The mean age of patients was approximately 34 years old in both groups. In naive patients, a smaller percentage of patients were male in comparison with previously treated patients (51% vs 56%, P < 0.0001). CCI was significantly lower in the treatment of the naive group compared with previously treated patients (0.09 vs 0.11, P < 0.0001). Self-insured dominated in previously treated patients (54% in naive vs 59% in previously treated, P < 0.0001).
The number of treatment lines during the 18-month follow up is summarized in Table 4 . Almost half of patients had 5-10 treatment lines during the 18-month follow-up period in both naive and previously treated patients (46% vs 57%). A greater percentage of patients of the naive group had only one treatment line during the 18-month follow up in comparison with the previously treated group (14.7% vs 6.7%). Of the naive patients without any treatment line change during the follow up (n = 1245), 62.2% were not treated by the studied treatment during the follow up. Topical treatment (high potency) was the most frequently administrated medication (17.3%), followed by topical treatment (low to medium potency) (9.6%) and systemic treatment (8.4%).
In previously treated patients without any treatment line change during the follow up (n = 2014), more patients were continuously treated with topical treatment (high potency) (30.2%) and systemic treatment (20.7%) compared with naive patients. Fewer patients were not treated by the studied treatment during the follow up compared with naive patients (34%). The distribution of patients without any changes in treatment during 18-month follow up is shown in Figure 4 .
Among 8478 naive patients, the majority were not treated with the studied treatment at the index date (59.2%). Topical treatment (high potency) was the most administrated treatment at the index date (21.4%) followed by topical treatment (low to medium potency) (10.7%), systemic treatment (6.4%) and only skin care (2.3%).
Despite the slightly higher number of patients not treated with the studied treatment in previously treated patients (70.0%), the trend revealed that in previously treated patients 15.5% received topical treatment (high potency), 6.9% topical treatment (low to medium potency), 5.9% systemic treatment and 1.7% for only skin care. The distribution of the index treatment line is depicted in Table 5 .
Regarding the mean duration of the index treatment line ( respectively). Longer treatment times were consistently observed in previously treated patients compared with naive patients in all systemic treatments (almost twice as long). Oral cyclosporin was administrated in the longest manner in previously treated patients for approximately 6 months. When observing the distribution of duration of the first use of oral cyclosporin after the index date, almost half of previously treated patients were treated with oral cyclosporin for more than 3 months (48.08%). Conversely, more than 80% of naive patients were treated for less than 3 months.
DISCUSSION
It was found that AD poses an increased burden on patients and health-care systems. Patients with AD suffer from a significantly greater number of comorbidities than patients without AD. Diseases such as rhinitis, viral and fungal infections, sleep disorders and conjunctivitis were prevalent in more than 4% of AD patients. HCRU was high in AD patients in comparison with non-AD controls in components' analyses, such as outpatient visits, laboratory tests, drug prescriptions and phototherapy.
Comorbidity burden in patients with AD is well studied in the published work. Reports from both international and Asian cohorts showed that AD is a disease with a substantial comorbidity burden. 13, 14 The JDA guidelines from 2018 highlighted the importance of the management of some coexisting diseases, such as bacterial, fungal and viral infections, and ophthalmological diseases. 1 It has previously been revealed that the self-reported prevalence of sleep disorders was significantly higher in AD patients compared with matched non-AD controls, which had an important impact on quality of life impairment in AD patients. 14 These diseases were identified as highly prevalent comorbidities of AD patients in our study during the 6-month pre-index period. Therefore, the increased rate of the occurrence of comorbidities found in AD patients from this study is in line with previous findings. The present analysis showed a higher HCRU in AD patients compared with non-AD controls. This finding is consistent with other reports from the published work. 15, 16 In this study, one of the resources, which showed a high attributable value to AD, was outpatient visits (attributable visits to AD/year, 6.324). A previous study also showed the highest difference between AD and non-AD patients in health-care provider visits. 14 In addition, not only prescription of AD-related medication but also prescription of non-AD-related medication is high in AD patients (attributable numbers to AD/year, 5.823), suggesting some treatment costs associated with multiple comorbidities. A Japanese governmental study pointed out a big economic impact due to AD in terms of direct health-care costs with approximately ¥62 billion/year of direct health-care costs incurred in Japan due to AD. 17 This study showed a slightly lower number of hospitalizations in AD patients compared with non-AD patients (attributable hospitalizations to AD/year, À0.002). A previous study showed a higher number of hospitalizations in the past 6 months in AD patients in comparison with non-AD controls (0.59 vs 0.39), although the difference was not statistically significant. 14 A previous study included older patients with a mean age of 38 years old in comparison with patients in the current study with a mean age of approximately 34 years old. Considering that the probability of hospitalization increases with age of patients, the difference in study population age may explain the minor discrepancy between the results obtained in those two studies. No emergency visits were observed during the study period, which may be because our health system allows free access and emergency room visits are not necessary even for urgent AD patients.
The management of AD is challenging. The JDA guidelines provide rules for AD management after the diagnosis through different phases: remission introduction phase (using TCS and TCI), remission maintenance phase (using topical anti-inflammatory treatments, intermittent TCS and TCI) and refractory phase (TCS with higher potency, oral cyclosporin, phototherapy and psychotherapy). 1 Surprisingly, our study showed that systemic treatment (including SCS, oral cyclosporin and phototherapy), which is recommended in guidelines as the treatment in the refractory phase, was administrated in a certain number of patients. In addition, systemic treatment was used long term in a continuous way. For example, almost half of previously treated patients who were treated with oral cyclosporin continued treatment for over 3 months. The Japanese package insert of oral cyclosporin recommends the shortest duration of utilization; otherwise, it recommends the following intermittent administration schedule: administration of 8-12 weeks followed by the discontinuation of the treatment. In the case of symptom recurrence, the treatment can be restarted. 18 However, it should be simultaneously considered that systemic treatment such as SCS might have been prescribed for comorbid allergic diseases other than AD such as rhinitis in the study patients because of the lack of information related to drug indication in the database. Continuous administration of systemic treatment observed in a certain number of AD patients indicates difficulties in AD management in Japanese clinical practise. A survey conducted by the Ministry of Health, Labor and Welfare showed that moderate to severe AD occurred in more than 20% of AD patients in their 30s. 17 This may indicate that there is an important unmet need for an effective AD therapy among the patients.
The study showed that many patients were not treated by any studied treatment at the index date (59.2% in naive and 70% in previously treated). It may be because patients have been under good disease control or simply not visiting during the 18-month follow-up period.
The present study shows unique findings supported by methodological strengths. This is the first retrospective claim data analysis in Japan assessing outcomes on HCRU and treatment patterns of a large number of patients. The real-world data reflects real-life patient scenarios in comparison with the tightly controlled clinical environment in clinical trials. A long-term follow-up period long enough to fully capture HCRU and treatment patterns in AD patients was selected and employed. An exact matching analysis conducted in the present study enabled the examination of resource use in comparable populations on some key characteristics other than AD. This study assessed the attributable costs of AD patients compared with non-AD controls.
Future research comparing attributable costs of other diseases such as diabetes and hypertension may be worth investigating.
Despite the study presenting evidence of high quality, results should be cautiously interpreted due to limitations. The JMDC claim database does not include some details on information relevant for further inclusion and analysis. The occurrence of missing data required assumptions to be established in terms of dates of prescriptions, dates of diagnoses, and duration of topical and injection treatments.
In conclusion, HCRU is higher in patients suffering from AD in comparison with non-AD controls, indicating a high burden of the disease imposed on AD patients. Continuous administration of systemic treatment such as oral cyclosporin, SCS and phototherapy observed in AD patients sheds light on difficulties in AD management in Japanese clinical practise, and suggests a high unmet need for a safe and effective AD therapy. The results of the present study provide dermatologists opportunities to consider the burden of patients when selecting the optimal care and particularly the importance of long-term disease control with safe and effective therapy.
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